Abstract-This paper gives power/ground network aware and row-based solutions to the crosstalk driven routing problem. Routability and timing issues are also considered. The algorithm has been implemented and tested on MCNC benchmarks. Compared with the recent work introduced in 1111, the proposed algorithm can achieve more than 72% on average improvements for the adjacent edges while considering power/ground network, which greatly reduces potential vias.
I. INTRODUCTION
Chip design is with increasingly shrinking geometries yet increasingly higher frequencies. Coupling effects and crosstalk have gained more concerns for chip performance optimization [1] . Crosstalk elimination can be performed in two different ways. One is with the circuit design method, such as adding suitable capacitances or inserting buffers. The other is with the help of CAD tools, such as routing tool in the physical design phase. So, crosstalk elimination has become a challenge to chip routing.
Some existing works focus on coupling noise and crosstalk elimination in the routing phase, which mainly fall into three categories, noise modeling [2] , [3] , noise minimization [4] - [7] , and simultaneous noise minimization and performance optimization [8] - [11] . [2] derived expressions for a coupling capacitance and a crosstalk voltage height. [3] declared that on-chip inductance, especially mutual inductance, should be considered for high-performance interconnect design and presented the effective coupling model, called the Keff model.
[4] described a two-pass algorithm including region-based crosstalk risk estimation and crosstalk reduction. [5] presented a cost function taking crosstalk into consideration, and is used during the phase of constructing the routing tree. [6] [8] and [9] proposed performance optimization global routing algorithms considering crosstalk reduction. The former mainly focuses on coupling capacitance and uses spacing method. The latter considers coupling inductance and is based on shield insertion. [10] presented an efficient RLC crosstalk reduction algorithm by using Tabu search method and achieved about 20x speedup compared with [9] . The latest progress is the global routing algorithm, AT-PO-GR, to minimize the routing area under congestion, timing, and RLC crosstalk constraints [11] . However, [9] - [1 ] did not take actual power/ground (P/G) network and potential via minimization into consideration. The main contribution of this paper is the P/G network aware and row-based solutions to the crosstalk driven routing problem. This algorithm (1) takes P/G network into consideration to meet the practical applications, (2) and gives a row-based routing solution to minimize potential vias, which is useful for good manufacturability.
The remainder of this paper is organized as follows. Section II formulates the routing problem considering P/G network. In Section III, we discuss the routing algorithm in detail. Section IV shows experimental results and discussions. Section V concludes the whole work and gives some possibilities for future work.
II. PROBLEM FORMULATION
A. GRG with P/G network With the progress in multi-layer VLSI routing technology, routing area is a whole chip plane. Thus, a net can be specified as a set of nodes in global routing graph (GRG). Then, the problem of routing a net can be described as a rectilinear Steiner tree (RST) problem of specified nodes in GRG [12] .
But generally, while we mapping the P/G network on the GRG, we'll not get the same/similar grid in the graph. Fig.1 shows the general relationship between the mapping of P/G network and the grid in GRG. We can see that P/G mapping is sparse than GRG grid. Then, while performing crosstalk elimination with shielding, we should consider this problem, here we call it the incongruous gridproblem, which limits the shielding style and shielding number. We can only get fewer horizontal shields and more vertical ones. And the horizontal shields are longer ones relative to one GRG grid. 
B. RLC Noise Model
The LSK model for RLC crosstalk [3] , [7] is used in this paper. Different from earlier noise model [2] , the LSK model considers coupling inductance between adjacent and non-adjacent sensitive nets. A formula-based Keff model has been developed in [3] [7] , where the LSK value is defined as LSK =l, where t is length ofR, and Kit is total coupling for Nit in region t.
LSK . < LSK , Vi E N,Vj E s(i); (4) Formula (2) is the congestion constraint, which forbids the overflow on each GRG edge. Formula (3) guarantees the actual delay value from source i to sink j, T(i, j), is no more than the given timing constraint TD(i, j). Formula (4) sets the upper bound of LSK, LSKi, for each source sink pair ij. The actual LSK value of this pair, LSKij, could not exceed the bound.
III.
OUR ROUTING ALGORITHM A. Incongruous Grid Problem Fig.2 shows a local part of GRG We can see 3 GRG edges, edge6O, edge6l, and edge62. Fig.3 shows an example of previous routing result. Brown 
T(i~j) < TD (is j), Vi E-N, Vj E s(i);
Unused ----------109 109
Unused ---------504 504
Unused ----------522 521 edge6O edge6l edge62 B. Row-Based Solution Previous routing algorithms [9] -[1 1] performed crosstalk elimination only in single GRG edge. So, the routing results cause "dog-leg", i.e., segments of the same net in adjacent GRG edges but are in different tracks (denoted by the order in the global routing phase), which makes more potential vias in detailed routing. Fig.5 shows an example. Aware of P/G network, we assume that the horizontal shields are as long as 3 GRG edges. We try to make the 3 adjacent horizontal GRG edges have the same shield order by using the following method.
Firstly, we partition all the horizontal GRG edges into edge groups, each of which includes 3 adjacent edges. Then, in the same edge group, we can get the critical edge, which has the largest shield number. After that, we let the same shields track (i.e., the same shield order) in the other two edges (non-critical edges). At last, we can adjust the segments in the non-critical edges to make use of the assigned shields. Formula (5) is also used here to minimize the cost. Fig.4 shows an example. Edge62 in Fig.4 is the critical edge. Then, we add one shield as the same order in edge60 and edge6 1, respectively. After that, we adjust the segments in these two edges. At last, we got the minimal cost routing solution shown in Fig.4 .
IV. EXPERIMENTAL RESULTS AND DISCUSSIONS
Our algorithm has been implemented in C language. It performs on a SUN V880 workstation with Unix OS. We compared our results with that of AT-PO-GR [11] .
A. Benchmark Data We tested 5 MCNC benchmarks given in TABLE I. Unused ----------Shield Shield
Unused ----------183 183
Unused ----------554 Shield
Unused ----------152 319 edgeO edgel edge2 Unused ----------152 319 We can see that the critical edge in Fig.6 is edge2, and edge 1 has the maximal height of 8. But when we add a shield into edgel, the height of it must increase 1. From Fig.7 , we can see that the new maximal height is 9. If the maximal height of a row increases, the total area will increase.
In Fig.6 , we can see that only the segments of edgel have the possibility to be move to the same position as the edgeO. But in Fig.7 , in long shield adjusting process, the empty tracks of the left could be used. So we can move the segment 194 to the same position as the edge 1. So the number of net segments in adjacent edges have the same track position increases.
V. CONCLUSIONS AND FUTURE WORK
A performance and RLC crosstalk driven routing algorithm considering P/G network and row-based solution is presented in this paper. The experimental results show this algorithm can (1) take P/G network into consideration to meet the practical applications, (2) and can give a row-based routing solution to minimize potential vias, which is useful for good manufacturability.
As our future work, we plan to make our algorithm more practical to real chip routing, and design better strategies for crosstalk elimination.
